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PREFACE

Under Contract OEC-0-71-2533(099) with the U.S. Office of Education,

The Rand Corporation has been conducting an analysis of the educational

personnel system in the United States. This is the third in a series of

reports presenting the results of Rand's research. This report focuses

'on school district expenditure behavior and the demands of those districts

for elementary and secondary teachers, other professionals serving instruc-

tion, nonprofessional staff, and various nonpersonnel school inputs.

The other reports in this series are:

David Greenberg and John McCall, Analysis of the Educational
Personnel System: I. Teacher Mobility in San Diego, R-1071-HEW.

David Greenberg and John McCall, Analysis of the Educational
Personnel System: II. A Theory of Labor Mobility with Applica-
tion to the Teacher Market, R-1270-HEW.

Emmett Keeler, Analysis of the Educational Personnel System:
IV. Teacher Turnover, R-1325-HEW.

Stephen J. Carroll and Kenneth F. Ryder, Jr., Analysis of the
Educational Personnel System: V. The Supply of Elementary
and Secondary Teachers, R-1341-HEW.

Kenneth F. Ryder, Jr., and Bruce M. Juba, Analysis of the Educa-
tional Personnel System: VI. Staffing Patterns in U.S. Local
Public Schools, R-1342-HEW.

David Greenberg and John McCall, Analysis of the Educational
Personnel System: VII. Teacher Mobility in Michigan, R-1343-HEW.

Stephen J. Carroll, et al., Analysis of the Educational Personnel
System: VIII. Overview and Summary, R-1344-HEW.
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SUMMARY

This study considers two major questions: How do local public

school districts allocate funds among school inputs, and what are their

resulting demands for elementary and secondary teachers, other educa-

tional professionals, and nonprofessional staff? The analysis of these

issues is based on the economic theory of constrained maximizing behavior.

The school district is viewed as a decisionmaking unit that attempts

to obtain an "optimal" set of school inputs within the constraint of e.

fixed budget. The investigation is conducted at the micro-level with

the individual school district as the unit of analysis. The focus is

on how a schoo3 district with a given budget facing given factor market

conditions allocates its available funds. A large part of the effort

is devoted to modeling district expenditure behavior with respect to

teachers and other educational professionals since these categories of

personnel account for large portions of school district budgets and since

the demand for teachers is of particular interest.

We explore three alternative formulations of the theory of school

district expenditure behavior that differ in terms of the assumed

objective of the district. The first begins with the assumption that

the school district seeks to maximize a value function whose arguments

are various educational outcomes and the community's pricrities among

them. The district's objective is to choose, from among those combina-

tions of inn'its it can afford, one that yields a set of educational

outcomes that maximizes the value function. The second formulation begins

with the assumption that the district has preferences among alternative

combinations of inputs, regardless of how those inputs are related to

educational outcomes. In this case, the district's goal is to obtain

the most preferred set of inputs from among the sets it can afford.

Finally, we explore a formulation that combines elements of both approaches.

The district is assumed to have preferences for both educational out-

comes and school inputs. Its objective is to choose, from among those

combinations of inputs it can afford,rthe most preferred set of inputs,
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taking account of the educational outcomes obtained through the use of

those inputs.

In all three formulations we assume that the district acts as if

it has consistent preferences that can be described by utility functions

with properties analogous to those usually assumed in consumer demand

theory. We allow for the possibility that preferences may vary systematically

with district characteristics such as urban vs. rural location or compo-

sition of the pupil population.

We derive the district's demands for teachers and other school

inputs in all three versions of the model. This analysis demonstrates

that, with appropriate assumptions, a number of empirically testable

propositions about the relationships between a district's expenditure

patterns and its budget level and the set of input prices it faces are

implied by all three formulations. This, in turn, implies that in certain

important respects the district's demands for inputs can be empirically

examined irrespec,Ave of the assumed objectives of the district. This

result also implies that empirical analysis of district demands for

inputs cannot discriminate among the alternative formulations.

To empirically test these propositions it is necessary to assume an

explicit functional form for the district's preference function. We

employ a modified form of the additive-logarithmic function used to

derive the linear expenditure system of consumer economics. This function

is empirically convenient in that it yields demand equations (one for

each type of input) that are linear in the parameters.

The demand equations are estimated using data from the U.S. Office

of Education's Elementary and Secondary General Information Survey

(ELSEGIS) on the expenditure and staffing patterns of large (enrollments

in excess of 10,000) school districts in the 1969-1970'school year.

To control for differences among the communities served by different

districts, the districts are stratified by region (four categories) and

metropolitan status (three categories). The model is estimated for each

of the resulting 12 subsets of districts.

The empirical work focuses on district expenditures for elementary

and secondary teachers, other educational professionals, and nonprofessional

staff. Expenditures for five categories of "nonprofessional" school
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inputs -- administration, nonhuman instructional inputs, attendance

and health services, pupil transportation, and plant operation and

maintenance -- are also considered. Accordingly, the empirical analysis

consists of the estimation of a system of 9 expenditure equations, one

for each school input, for each of the 12 samples of districts. Detailed

results of the 108 regressions are provided in the Appendix.

The model explains expenditures for elementary and secondary

teachers and nonprofessionals quite well. Its performance with respect

to expenditures for other professionals, a heterogeneous category in-

cluding all educational professionals serving instruction in any capacity

other than elementary and secondary teachers, and expenditures for plant

operation and maintenance is also quite good. The model does reasonably

well in explaining expenditures for inputs in each of the remaining

categories, except for pupil transportation where the results are rela-

tively poor. This comes as no surprise since variables such as population

density and terrain, which clearly affect the costs of pupil transportation,

are not considered in the analysis. The model appears to explain the

data for each of the 12 types of districts equally well.

In general, our results suggest that roughly 15 to 20 percent of

a budget increment would be allocated to elementary teachers and roughly

the same amount would be allocated to secondary teachers. Other pro-

fessionals would be allocated approximately 20 to 25 percent of the change

in the budget. Approximately 5 percent would be allocated to expenditures

for administration and about 10 percent to expenditures for nonpersonnel

instructional inputs. Health and attendance services would receive 1 or 2

percent of the change in the budget, while 10 to 15 percent would go to

plant operation and maintenance. The remainder would be allocated to

pupil transportation. It must be emphasized, however, that there are

substantial differences in the expenditure behavior of different district

types, and that the above statements are rough generalizations.

This analysis is restricted in many respects by the limitations of

the currently available ELSEGIS data. The ELSEGIS sampling design does

not provide a satisfactory data base for longitudinal analysis. Other

important problems are the lack of data on personnel flows (new hires and
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terminations), on the distributions of professionals by degree level

and experience, and on the expenditures for fringe benefits, particularly

the district's contribution to employees' pension plans.
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I. INTRODUCTION

OBJECTIVES OF T STUDY

The purpos this study is to investigate how local school

districts behave in allocating their budgets among the main categories

of school inputs: teachers, other professional educators, nonprofessional

(support) personnel, and nonpersonnel resources. This question is

currently of great interest because of its relationship to the ongoing

policy debate over the reform of school finance. It is also closely

related to the educational policy issues that stem from the growing

teacher surplus.

As a result of legal and political developments during the past two

years, major reforms in school finance may soon be undertaken in many

of the fifty states. Several states, notably California, Minnesota,

and Florida, have recently modified their systems substantially. The

consequences in those states, and in others that are likely to follow

suit, will probably include major reallocations of funds among school

districts and may also result in substantial increases in Aggregate, or

average, support. Indeed, some of the momentum for reform has been lost

as a result of the recent Supreme Court decision that existing patterns

of inequality in school finance are not unconstitutional. Nevertheless,

it appears that pressures for reform will continue to be exerted through

state courts (as was recently shown in New Jersey) and through state

political processes. The outlook, then, is that school districts in

many states will be experiencing substantial changes in their budget

levels during the next few years. The question of how such districts

will respond to change is, therefore, of far more than academic interest.

At present, however, very little information bearing on that question is

available. This study represents an initial attempt to fill that

information gap.

*
San Antonio Independent School District, et al. v. Rodriguez et al.,

Supreme Court of the United States, No. 71-1332, March 21, 1973.
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The results of the study also bear on the numerous educational

policy issues related to the large and growing teacher surplus. The

educational personnel preparation system -- approximately 1,200 insti-

tutions of higher education that prepare students to teach -- has been

significantly affected by the lack of opportunities for graduates pre-

pared to teach. A number of institutions have recently cut teacher

education programs. Given the lags in the system (e.g., the time

required to build up or reduce faculties in schools or departments of

education), decisions being made now will largely determine the char-

acteristics and size of the stock of educational professionals into the

1980s. Thus, decisionmakers concerned with the preparation of educational

personnel must be able to anticipate the demands for teachers over the

forthcoming decade. At present, however, the only available estimates

of the demand for teachers are based on linear extrapolations that

assume continuation of current trends in pupili,:eacher ratios. These

estimates neglect the relationships among the competing demands on

limited school district budgets on the one hand, and the derived demand

for teachers on the other. In view of the growing militancy of teachers'

unions, the financial problems that currently face many districts, and

the unsettled future of school finance reform proposals, it seems clear

that educational decisionmakers need to be able to examine the kinds of

demands that might be placed upon the educational personnel preparation

system in a variety of alternative circumstances.

PREVIOUS RESEARCH ON THE DEMAND FOR TEACHERS

Despite the increasing proportion of the labor force employed in

state and local governments, there has been remarkably little analysis

of the determinants of employment in those sectors. In the case of

education, the available analyses of the demand for teachers are implicit

in projections of imbalances (surpluses or shortages) in the educational

manpower labor market. The model of the demand for teachers that underlies

these projections implicitly assumes that the number of teachers demanded

See, for example, Maeroff (1972), Miller (1972), or Van Dine (1972).
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is a function of exogenous teacher/pupil ratios and enrollments. In

particular, teachers' salaries and prices of other school inputs, both

human and nonhuman, are entirely omitted from previous analyses.

Carlsson and Robinson (1969) go beyond the trend projection approach

and suggest a theoretical model of the demand for employees in the

public sector analogous to the traditional consumer demand model. They

also propose a variant of the model in which the agency is required to

employ a fixed number of persons. In both models, input prices (salaries)

and budgets are fixed. In the latter model, the level of employment is

also exogenous.

Brown (1972) examines the demand for teachers in the context of

a traditional economic model of the derived demand for inputs. He con-

centrates, however, on the estimation of an educational production func-

tion. The derived demand component of the model thus receives little

attention and the empirical results are disappointing.

THE CONTENTS OF THIS REPORT

In Sec. II we develop a general theory of school district expendi-

ture behavior. An explicit interpretation of the theoretical model,

designed to take advantage of the available data, is presented in

Sec. III. Some of the limitations of the analysis are outlined in

Sec. IV. Our empirical results are discussed in Sec. V and presented

in tabular form in the Appendix. Section VI presents our conclusions.

See, for example, The National Educational Association (1972);
Folger, Astin, and Bayer (1970); U.S. Department of Labor (1970); The
National Center for Educational Statistics (1972); Dean, Reisman, and
Rattner (1971); and Froomkin, Endriss, and Stump (1971).
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II. THEORETICAL ANALYSIS

The development of a theoretical model of school district behavior

in allocating its budget among school inputs could be approached from

a number of different perspectives. The analyses reported in this study

are based upon concepts developed in the economic theories of consumer

and producer behavior. We explore three alternative formulations of

the theoretical model that differ in the assumed objectives of the

district. However, if the appropriate assumptions are made in each

case, each yields essentially the same set of empirically testable

propositions regarding the district's demands for teachers and other

school inputs. This result is important because it permits the empirical

analysis of district expenditure behavior to be separated from the

debate over the objectives of districts. It also demonstrates that we

cannot infer the district's objectives from observations of its expendi-

ture behavior.

We begin with a discussion of assumptions common to all three

formulations of the model. Each of the three approaches to the develop-

wnt of the model is then described in turn. Finally, we discuss the

empirical implications of the theoretical analysis.

COMMON ASSUMPTIONS

The model represents the behavior of a school district that seeks

to obtain the "best" combination of resources or inputs subject to an

exogenously determined budget and exogenously determined salary levels

and other input prices. This does not imply that the district is assumed

to have no impact on its budget or the set of input prices it faces.

Rather, we assume that the district's decisions with respect to the

school inputs it will use depend upon only the magnitudes of its budget

and the set of input prices it faces -- both of which are determined

*The first and third alternative formulations were developed by
Kenneth F. Ryder, Jr., of The Rand Corporation. The second alternative
is a generalization of the Carlsson and Robinson (1969) model.
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outside the model. There is a large and growing literature on the

determination of school district budget levels
*

and a much smaller, but
**

also growing, literature on the determinants of teacher salary.

In neither area does there appear to be evidence contrary to this

assumption.

Assuming that no borrowing is allowed (to support current opera-

tions) and that the district does not accumulate cash balances, its

budget constraint can be written

plxl + p2x2 + + pkxk = b , (1)

where b is the district's budget for current operations, xi(i = 1, k)

is the amount of the ith input employed or purchased by the district,

and pi(i = 1, k) is the unit "price" of tre ith input. If, for

example, xl is the number of inexperienced teachers with bachelor's

degrees employed by the district, then pl is the scheduled salary for

teachers of that type plus whatever additional costs are associated with

the employment of those teachers -- payroll taxes, the district's contri-

bution to a pension plan, and so on.

We assume that the district is completely free to allocate its

budget among inputs. This assumption implies that all factors are

variable and can be obtained from the market at any desired level.

Unfortunately, this is an unrealistic assumption. Some school factors

are fixed, at least in the short run (e.g., capital items such as

buildings). Others are "quasi-fixed" in the sense that they cannot be

freely reduced, although they can be readily increased. An obvious

example is the district's commitment to the support of existing staff

(many of whom may be tenured) according to a salary schedule that

provides built-in longevity increases.

We avoid the problems associated with fixed inputs by devoting our

attention to the district's behavior in allocating its budget for current

operations. Capital outlays and capital constraints are neglected

throughout the analysis. The problems associated with quasi-fixed

*-
See, for example, Barro (1972) or McMahon (1970).

**
See, for example, Thornton (1971) or Schmenner (1973).
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inputs can be addressed in the theoretical analysis, but the available

data are not sufficient to support the associated empirical work.

Accordingly, we must neglect consideration of such constraints on the

district's budgetary discretion.

We also treat all funds as equivalent regardless of source and make

no attempt to reflect linkages between funding sources and specific

resource allocation decisions.

For convenience in the subsequent analysis, we define b and the xi

in per pupil terms.

THREE ALTERNATIVE FORMULATIONS OF THE MODEL

Alternative 1

The first formulation of the model begins with the assumption that

the district seeks to maximize a linear combination of potential educa-

tional outcomes, each weighted by a community priority. The priorities

can be interpreted as shadow prices, reflecting the marginal value of

each type of educational outcome to the community's preference set. The

district thus seeks to maximize

n
V = E aiQi ,

1=1
(2)

where Qi is the amount of the ith educational outcome (in per pupil

terms) produced by the district, and ai is a measure reflecting the

priority that the community affords the ith outcome.

We assume that the amount of the ith outcome produced by the

district depends upon the amounts of each of the inputs used by the

district given the characteristics of the district's students. Spe-

cifically, we assume that there exists a set of educational production

functions of the general form

Q. = f.(x
1 1 l'

..., xk, sl, sm) i = 1, ... n , (3)

where s. is the ith measure of the characteristics of the district's
1

students. Thus, the district seeks to maximize its value function
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(Eq. 2) subject to the budget constraint (Eq. 1) and the production

functions (Eq. 3).

We form the Lagrangian expression

n k
L = E[a,Qi + Xi(fi - Qi)] + A.,41[ p.x. b] .

i
3

Differentiating with respect to the unknowns yields the following

2n + k + 1 equations:

ai
;11

= 1, . n

n

H,Thc. = iElA af
i j
/ax +

n+1
p. j = 1, k

i

= f. - Q. i = 1, n

k
3L/3 = E p.x. - b .

An+1
j=1 3 3

Setting each equation equal to zero (a necessary condition for the

maximum of the Lagrangian expression), yields the conditions for a

maximum of Eq. 3 subject to the constraints

X
i

= a

n
E X

i
af /ax

j

_A
n+1 Pi

i = 1, n

j= 1, k ,

in addition to the constraints of Eqs. 1 and 2.

*
For notational convenience we write fi for the function

f
i
(x x

k'
s
1

, s
m
). We should also note that: a variety of

'

assumptions regarding the mathematical properties of the system are
implicit in the analysis. These are familiar to consumer demand theory
and are not discussed here.
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Substituting for Ai and dividing one of the k equations by another

yields the conditions

P.

n

E a of /ax.
i=1 i 1

n

i=1a.:)fMx k
1

j. R, = 1, k . (4)

Since the partial derivatives, afi/9xj and fi/Dx2, in (Eq. 4)

represent marginal physical productivities for each factor and the Qi

are the values for each output, the term on the right-hand side of the

equation represents the ratio of the value of the marginal product in

all i production functions for any two inputs. The condition in Eq. 4

thus indicates that at the optimum the price ratio of any two purchased

inputs will be equal to the ratio of the sum of the value of their

resPectivemarginalProductsforeachoutput.LetTIP..be the value
1,3

of the marginal product of input j in the production of outcome i; that

is, VMP.. = aiafi/3xj. We can then rewrite Eq. 4 as follows:

n n

i 'IMP.
1,3 1,k

=1 i=E1

Pi p2.

j, Z = 1, k .

This is the familar condition of economic production theory -- each input

will be used until the value of its marginal products relative to its

factor price equals that ratio for every other factor.

Sincethe.p3 and a
i

are fixed for each district, we can solve the

k equations in Eq. 4 for the unknown quantities x.. This yields a system

of k factor-demand equations of the form

x. = h(p
Pk' al' an' sl' sm' b) (5)

Thus, the demand for the jth factor will depend upon its own factor price,

the prices of all other factors, the district's shadow prices for all
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potential outputs, the set of student characteristics, and the size of

the district's budget. In our case, demand for teachers (type j) will

thus depend upon the teacher wage rate (i.e., its factor price), the

factor prices of all other inputs, the priorities assigned to each

educational output for that district, the set of student characteristics,

and the total budget level.

While this result holds for our initial set of assumptions, one

could easily question these assumptions. The most tenuous assumption

concerns the district's value function. In its current form, the

assumption implies that communities recognize each potential type of

output from the educational process and are able to assign priorities

to each. However, little is known about the outputs from the educational

process; not only are the outputs poorly defined, but the few that are

defined are also difficult to quantify or measure very precisely.

Consequently, communities may not be able to assign priorities to these

ill-defined outputs.

Alternative 2

A second approach to the development of a model of school district

expenditure behavior begins with the basic premise that school districts

behave as if they had consistent preferences among alternative combina-

tions of school inputs, and that these preferences can be described by

utility functions of the form

U = U(x ..., xk, Si, sm) . (6)

The use of input quantities as arguments in the preference function is

not in accordance with the usual procedure in factor-demand studies,

which is to derive factor demands from demands for final outputs and

technological relationships in production (production functions). But

dealing directly with trade-offs among input categories in the case of

schooling is justified by two considerations: (a) there is no reason to

*
Note that our approach does not require that this potential output

set be defined. The Qi do not appear in the factor-demand equations
(Eq. 5). What are required, however, are the priorities that each local
community would assign to these outputs.
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assume the same kind of output maximizing behavior for school districts

as underlies the derived demand notion applied to business firms (Levin,

1970); and (b) as a practical matter, there is insufficient knowledge

of production functions in education (and even insufficient evidence of

their existence) to support empirical work based on an output-oriented

specification of the model.

We leave open the question of whether hypothesized preferences

among input categories derive from subjective perceptions of production

functions by district decisionmakers, from traditional notions of what

sets of inputs make up a "good" education, or from bureaucratic motives,

such as staff enlargement or prestige. None of these is inconsistent

with the basic formulation in terms of trade-offs among different input

categories, the starting point for our theoretical model.

In view of these considerations, the district may seek to obtain

the most preferred set of inputs (i.e., maximize Eq. 6) subject to the

budget constraints (Eq. 1). We form the Lagrangian expression

k
L = U(xl,..., xk, sl, sm) + aI Epx-b.

j=1

Differentiating with respect to the unknowns, setting the resulting

k + 1 equations equal to zero, and solving the system yields a set of

necessary conditions for a maximum

DU

j, = 1, k .
132, DU

bck

(7)

*
The lack of adequate measures of educational outcomes may affect

educational decisionmakers as well as economists. Thus, district
officials may use inputs as proxies for educational outcomes or quality
even though they would not dispute the existence of an educational
production function.
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The interpretation of this set of conditions is straightforward.

Since the function U is a measure of the district's satisfaction with

a combination of inputs, given the characteristics of the district's

students, the partial derivative of U for any input is the input's

marginal contribution to the district's satisfaction. The system of

equations in Eq. 7 thus indicates that each input will be used until

the value of its marginal contribution to satisfaction relative to its

factor price equals that ratio for every other factor.

Since the pj and b are fixed for the district, the k - 1 independent

equations in Eq. 7 plus the budget constraint, Eq. 1, can be solved for

the xj. This yields a system of k factor-demand equations of the form

xj = h(pi, pk, sl, sm, b) . (8)

Thus, the demand for the jth factor will depend on its own factor price,

the prices of all other factors, the set of student characteristics,

and the size of the district's budget.

Comparing Eq. 8 with the factor-demand equations yielded by Alterna-

tive 1, Eq. 5, we see that the two systems are the same except for the

inclusion of district preferences among outcomes in the latter.

Alternative 3

Rather than try to maximize a value function containing unmeasurable

elements of the potential educational output set, a district might seek

to maximize a very different type of value function containing only

measurable arguments, such as pupil achievement and the amount of input

per student utilized by the district. We can demonstrate, however, that

this interpretation of the behavioral model will produce essentially

the same set of marginal conditions for constrained maximization as

Alternatives 1 and 2.

Assume that the district seeks to maximize the objective function

V = SA + u(x
1 ,

'

x
k'

s
1 , sm) (9)

where A is a measure of average student achievement, and a is the priority
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of shadow price the community assigns to student achievement. The

utility function, U, reflects the district's preferences for inputs.

independent of the relationships between inputs and achievement. Our

production function can be expressed in terms of the output proxy,

student achievement, as follows:

A = g(xi, xk, si, sm)

The district faces the budget constraint given in Eq. 1.

We now form the Lagrangian expression

L = SA + U(xl, xk, si, sk)

Ao[g(x1' ..., xk' sl' sk) Al

Maximizing

maximum of

constraint

yields the

k

I
p.x. - b) .

3 3i=1

the function yields the k + 3 necessary conditions for a

Eq. 9 subject to the production function and the budget

(Eq. 1). Setting these conditions equal to zero and solving

following:

3U + 2z_
p. ax. ax.
_1 . 3 .1 j, 2, = 1, ..., k . (10)

au
..P agQ

D
+ a

Dx2, xt

The similarity between this result and that obtained in the previous

models (Eqs. 4 and 7) is striking. An interpretation of the expressions

on the right-hand side of Eq. 10 will reinforce this basic similarity.

Theparrialderivatives,Wax.) and 3g/axt, reflect the marginal pro-

ductivity of a purchased factor in the production of achievement. The

a is the shadow price assigned to achievement, and thus the term Bag/ax

represents the VMP of factor x. in the production of achievement. In this

Note the similarity to the previously defined VMP1,
9J

. = a.Df
i
/Dx..



13

case, there is an additional term,
3U

which reflects the amount that
ax.'

anincrementinfactorx.contributes)directly to the district's satis-

faction.Fience,thetotalmarginalvalueproductofafactorx.in this

model consists of the direct marginal-value product and the indirect

product obtained through the value of the marginal productivity of the

factor in the production of achievement. Defining the total marginal

value product as

aU a ag
VMP. = +

3 ax. ax. '

3

we can rewrite the marginal conditions in the more familiar form,

VMP. VMP
=

Pi
139

j, p = 1, k.

Each factor will be used until the ratio of its marginal value product

relative to its price is equal to that same ratio for all other factors.

Our factor-demand equations can be derived from the conditions in

Eq. 10, since the factor prices and the community's priority, the p .a.nd

B, are predetermined for each district. The elements in the factor-

demand equation are the same as those in the previous factor-demand

equations (Eqs. 5 and 8), except that 8 enters as a measure of community

priority. Thus,

x = h(P1, .k, 8 si, , sm, b)

IMPLICATIONS

We have examined three alternative approaches to the development

of a theoretical model of a district's demand for school inputs. All

three alternatives are special cases of a general model in which the

district seeks to maximize a value function whose arguments include both

educational outcomes and school inputs, subject to a fixed budget and,

perhaps, a system of educational production functions.
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The three systems of demand equations (Eqs. 5, 8, and 11) derived

have much in common. Regardless of what was assumed to be the district's

objective, its demand for each input depends upon the price of that

input, the prices of all other inputs, the district's budget, and the

characteristics of its students. The only difference among the three

demand systems is the inclusion of the community's priorities for

various educational outcomes in the Alternative 1 and the inclusion of

the community's priority for student achievement in the Alternative 3.

Now, the community's priorities for educational outcomes (the

a
1

in Eq. 5) or for student achievement (0 in Eq. 11) are assumed to

vary with its economic and sociological characteristics. Similarly,

the characteristics of a district's students are assumed to vary with

the economic and sociological characteristics of the community in which

the district is located. Thus, if yi (i = 1, ..., 0 is the ith community

characteristic, Eq. 5 or 8 or 11 can be written

x. = h(pi, pk, yl, y, b) . i = 1, k . (12)

Thus, Eq. 12 is a general specification of the district's demands for

school inputs.

It should be emphasized that we are not arguing that a district's

demands for inputs are the same regardless of its objectives. We would

expect that the number of teachers required by a district seeking to

maximize some combination of educational outcomes would differ from the

number needed if it sought to maximize some set of preferences for inputs.

The important point for our purposes is that the set of variables that

must be included in an empirical analysis of a school district's demands

are the same regardless of its objectives.

A second, closely related point is that empirical analysis of Eq. 12

cannot resolve the issue of which of the three formulations of the model

more closely approximates reality. To accomplish that task, we would

have to obtain direct measures of community priorities and student

characteristics, estimate Eqs. 5, 8, and 11 directly, and compare those

results. Such an effort is, however, beyond the scope of this study.
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Our concern is with the district's demands for inputs and not with the

process whereby those demands arise. In fact, the primary purpose of

the theoretical analysis is to demonstrate that by making the appropriate

assumptions, we can examine the demands for inputs without regard to

the district's objectives.

Finally, we note that the community characteristic variables in

Eq. 12, the yi, cannot be interpreted without reference to one of the

three alternative formulations of the model. These are proxy variables

and, depending upon the underlying model, can be interpreted as indirect

measures of student characteristics, community priorities among educa-

tional outcomes, or community priority for student achievement.
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III. EMPIRICAL ANALYSIS

In this section we develop an explicit interpretation of the

theoretical model and derive the appropriate estimating equations.

Since the model is designed to take advantage of the existing data, we

begin with a discussion of the ELSEGIS files and then turn to the model.

DATA

The ELSEGIS files contain data collected in annual, two-part

surveys of random samples of public school districts. Part A of each

survey obtains information on the district's schools, pupils, and staff

for the current school year. Part B of each survey obtains information

on the district's revenues and expenditures during the previous school

year. In order to develop a consistent data base on staff and expendi-

tures, we merged the expenditures data from the 1970 ELSEGIS file, the

most recent available, and the pupils and staffing data from the 1969

ELSEGIS file.

The ELSEGIS sample is drawn from six enrollment strata with 100

percent coverage of districts serving more than 10,000 pupils. There

were relatively few cases in the lower enrollment strata in which the

same district was sampled in two consecutive years. Accordingly, we

limit the analysis to the large districts.

We were able to match the staffing and expenditure data, in the

manner described above, for 671 districts. We eliminated the New York

City school district on the grounds that its size and budget were so

different from the norm, even for large districts, as to make it a special

case. We also eliminated 53 districts that served only elementary or

secondary students on the grounds that the expenditure behavior of such

districts was apt to be quite different from the behavior of a district

that served pupils at all levels. Finally, as a matter of convenience

*Prior to 1969, only districts in which enrollments exceeded
25,000 were automatically included in the sample.
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in processing the data, we eliminated five districts that had no non-

professional staff. The analysis is thus based on observations of 612

school districts having enrollments in excess of 10,000 in the 1969-1970

school year.

The ELSECIS files do not contain data on the characteristics of the

community in which a district is located. They do, however, identify

the region (North Atlantic, Great Lakes and Plains, Southeast, West and

Southwest) and metropolitan status of the district. The latter variable

indicates whether the district is located in the central city of a

county in a Standard Metropolitan Statistical Area (SMSA), elsewhere in

a SMSA, or outside a SMSA. On the assumption that the districts in a

region having the same metropolitan status serve relatively homogeneous

communities, we divide the large districts into 12 groups by metropolitan

status and region and separately estimate the model for the districts

in each group.

For each district we define the following:

T
E

= number of elementary teachers,

Ts = number of secondary teachers,

To = number of all other professional staff serving instruction (principals;

assistant principals; supervisors of instruction; "other" teachers;

librarians; and guidance staff; psychological staff; and audiovisual

staff),

N = number of nonprofessional staff serving instruction (teacher aides.

library aides, and secretarial and clerical staff),

E = number of elementary pupils,

S = number of secondary pupils,

A = E + S,

P
T

= average salary of professional staff,

The "metropolitan, other" districts tend to be suburban, although
a few are rural. The non-SMSA districts include rural areas, small
towns, and cities that lie outside SMSAs. In systems that include both
the central city and surrounding areas, a 50-percent rule is applied.
Dade County, Florida, for example, is a single district classified as
"metropolitan, other" because less than 50 percent of its pupils are in
the central city (Miami).
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P
N
= average salary of nonprofessional staff,

X
5
= expenditures per pupil for administration,

X
6

= nonpersonnel instructional expenditures per pupil,

X
7
= expenditures per pupil for attendance and health services,

X
8

= expenditures per pupil for pupil transportation,

X
9

nxpenditures per pupil for plant operation and maintenance, and

h = budget for current operations per pupil (expenditures allocable to

pupil costs minus fixed charges divided by A).

Except for the two price variables, P
T

and P
N'

all variables are

directly derived from the ELSEGIS files. The average salary of pro-

fessional (nonprofessional) staff, P
T

(p
N

)
'
was calculated by dividing

the number of professional (nonprofessional) staff serving instruction

into instructional expenditures for professional (nonprofessional.)

staff.

THE EMPIRICAL MODEL

The explicit preference function we use is a modified version

of the additive-logarithmic utility function used to derive the linear
*

expenditure system of consumer economics. We choose this particular

function because of its empirical convenience. As will be shown below,

the estimating equations derived from the function are linear. The

form of the function is:

(

T
E , )al(TS \a2(TO )a3(N )a4 9

11

a,

U = - , ---- - -A--- - C3 -A- - C4 (X. - C ) 'L (13)i §
'

i=5
1 i

where the a and the C are parameters. Thus, we are assuming that the

district concerns itself with nine inputs -- the teacher/pupil ratios

in its elementary and secondary schools, the ratios of all other pro-

fessionals and of nonprofessionals to total pupils, and the levels of

expenditures per pupil in each of five categories.

See Pollak and Wales (1969) or Brown and Deaton (1972), for detailed
discussions of the linear expenditure system.
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The parameter C
i

can be interpreted as a "minimum required" level of

the ith input per pupil. For example, the parameter C1 is interpreted

as the minimum acceptable teacher/student ratio at the elementary level.

Similarly, C2 is the minimum acceptable level of the teacher/pupil

ratio at the secondary level. C
3
and C

4
represent minimum requirements for

other professional staff/pupil and for nonprofessional staff/pupil,

respectively. The C. for i = 5, ..., 9 represent minimum expenditures

per pupil in the respective input categories.

These minimum requirements reflect precommitments on the part of the

district (e.g., tenured teachers must be employed) as well as preconditions

that must be satisfied if the district is to operate. Health and safety

considerations, for example, may require that the district provide a

minimum level of building maintenance. Bureaucratic motives or concepts of

prestige (e.g., the district's teacher/pupil ratio will be no smaller

than the teacher/pupil ratios of "comparable" districts) or notions as to

which inputs are required to provide a "quality" education (e.g., the

National Educational Association's specification of the minimum acceptable

teacher/pupil ratio) may also be reflected in the minimum requirements.

The a can be interpreted as measures of the relative values the

district places on the various inputs. Since the district is required

to obtain at least C
i

units of the ith input, a portion of its budget

is precommitted. It is free to utilize the remainder of its budget

to obtain amounts of the various inputs in excess of the minimum require-

ments. The parameter ai indicates the share of the district's discre-

tionary budget -- that portion of its budget not committed to meeting

the minimum requirements -- that will be allocated to the acquisition

of units of the ith input beyond the minimum required level.

The district seeks to maximize Eq. 13 subject to the budget constraint

iT + T + T
E

A
S 0

P
N
N 9

b = 1),r
A

+ E Xi . (14)

*
The data on other professionals and nonprofessionals are not

disaggregated by level. Hence, we can only examine the overall staff/pupil
ratios for personnel in these categories.
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For notational convenience, we can rewrite Eq. 14 in the form

9

b = E p.x. ,

pi xi

where pi = 1 for i = 5, ..., 9 and

X
1

= T
E
/E

'

X
2

= T
S
/S

'

X3 = T /A
3 0 '

X
4

= N/A,

= P E/A,
1 T

P, PTS/A'

P3 = P T ,

P4 PN.

The X. for i = ..., 9 remain unchanged.

Maximization of Eq. 13 subject to Eq. 14 is equivalent to maximiza-

tion of the Lagrangian expression,

9 a. 9

L 11 (x. -C .) 1 + A T p.X. -b .

1

1=1 1

The first-order conditions for a maximum are

9 t.

u. (X.-C.
1. 3
3=1 + 1)1. = 0 i = 1, ..., 9ax. X.-C.

1 1 1

9
iL

piXi - b = 0 .

i=1

Solving the ith equation for and substituting into.the ith equation

we obtain
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p.(X. -C.)

P.(X.-C.) u. '

J .1

j = 1, 9 . (15)

Note that if the district is required to obtain C. units of the ith

input, then Xi - Ci is the number of units beyond the minimum require-

ment purchased by the district. The cost of the additional units is

p.(X.-C.). Thus, the ratio of the district's discretionary expenditures

on the ith input to its discretionary expenditures on the jth input equals

theratioofa.to u..

Finally, if we sum Eq. 15 over i = 1. ..., 9, for fixed j and

assume that
9
E u. = 1, we obtain

1=1 1

-
9

iE 1 1 1
p.(X.-C.)

j= 1. ..., 9 ,

which shows that a., is the share of the district's discretionary budget

expended on the jth input.

Solving the system of equations (Eq. 15) and using the budget con-

straint (Eq. 14), we obtain the system of expenditure equations:

9

P.
1

X.
1

= a.b - E q .C.p. + C.p. i= 1, ..., 9.
j=1 J 3 1 1

Rewriting these equations in terms of the exogenous variables, we obtain

the system used for empirical estimation. Thus,

P
T
E

p.X.
1

= 1. +
i
b +

i2 A
4-P,

i3
P
T
+

i4
P
N

i = 1, 3, ..., 9
10 l

PTS
p
2
X
2
= a

20
+ a

21
b +

22
A +13

23
P
T

+ 13
24

P
N '

Recall that p
1
+ p

2
= p

3
.

(16)
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9

-a. C.

j=5

i = 1, ..., 4

810
=

9

Ci -a
i

EC
i=5 j

i = 5, ..., 9

= a
i

i = 1, ..., 9

812
= C1 - al(Ci - C2)

822
= C

2
+ a

2
(C

1
- C

2
)

6
12

= -ai(Ci - C2) i = 3, ..., 9

80 = -ai(c2 + C3) i = 1, 4, ..., 9

823 = -a
2
(C

1
+ C

3
)

6
33

= C3 - a3(C2 + C3)

6
14

= -a
i
C
4

i = 1, 2, 3, 5, ..., 9

6
44

= C4 - a4C4 .

Equation 16 is a system of nine expenditure equations, each of which

models school district behavior with respect to expenditures for a school

input. We estimated each expenditure equation for the district in each

of the 12 status samples. The results of these 108 regressions are

presented in the Appendix tables.
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IV. LIMITATIONS OF THE ANALYSIS

Time and resource constraints have forced us to restrict the

scope of the empirical analysis in two Important respects. We treat

the districts' budgets and the teachers' and nonprofessionals'

salary levels as exogenous variables. This approach clearly limits

the set of issues that can be addressed by the model. We have also

been forced to disregard certain econometric considerations implicit

in the model.

The limitations of the currently available ELSEGIS data restrict

this analysis in a variety of ways. One obvious problem is the

restriction of the empirical work to a cross-sectional analysis of

district expenditure behavior in the 1969-1970 school year. Another

important problem is the lack of data on personnel flows (e.g.,

terminations and new hires), which forces us to formulate the analysis

in terms of desired stocks of elementary and secondary teachers and

other professionals. We are also concerned about the extremely crude

definitions of district type and the price of a teacher we have had

to use. Finally, we lack the data needed to assess the influence

of teacher degree level and experience in district decisionmaking.

Each of these problems is discussed below.

EXOGENOUS VARIABLES

We have treated the districts' budgets and the salary levels of

both teachers and nonprofessionals as exogenous variables (i.e.,

determined outside the model). This approach has serious implications

for the use of the model in policy analyses. We cannot address the

issue of how an increase in a school district's budget will be divided

between increased teacher and/or nonprofessional salaries on the one

hand, and the acquisition of additional personnel and nonpersonnel

school inputs on the other hand. Moreover, we cannot address the

issue of how changes in a community's willingness and/or ability to
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pay will affect a district's budget. Nor can we relate federal or

state aid policies to district budgetary behavior. In essence,

the model presented above represents an investigation of school

district expenditure policies in the short run. We have examined

how a school district with a given budget, facing given factor

market conditions, allocates its budget among inputs.

An important consequence of this limitation of the model concerns

its use in projection. The model cannot be used to project the demand

for teachers or for any other school input. Rather, school district

budgets and teacher and nonprofessional salary levels must first be

independently projected. Only then can the model be used to examine

the impications of those projections for the allocation of expendi-

tures among school inputs.

The implication of this observation for future research in this

area is clear. Research efforts should be directed toward the develop-

ment of simultaneous models of teachers' price determination and

expenditure behavior. These models would consist of (1) a specifica-

tion of school district objectives, e.g., a preference function such

as the one used in this analysis, (2) a specification of the objectives

of teachers or teachers' unions expressing, for example, their

willingness to trade off pay increases for reductions in class size

or for the provision of specialists or aides who could reduce the

teachers' work load. Following that, more general models incorporating

the budget determination process should be developed.

ESTIMATION PROCEDURE

The second important limitation of this analysis concerns the

procedures used to estimate the school district expenditure equations

In view of the small proportion of districts' expenditures
allocated to nonprofessionals and the consequent negligible impact
of changes in the salary level of nonprofessionals, detailed analysis
of the determination of P

N
does not seem warranted.
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(Eq. 16). The nine expenditure equations in the system contain a

total of 45 parameters (P.., for i = 1, ..., 9 and j = 0, ..., 4)

to be estimated. However, each of the 45 parameters is a function of

the 18 structural parameters of the assumed district preference

function(Eq.13).Thatis,eachof..'...isafunctionoftheoand

C. (i = 1, ..., 9). Clearly the
13

are not independent.

Park (1969) outlines a statistical procedure for the estimation

of expenditure systems, such as the one examined here, that yield

consistent, maximum likelihood estimators for Vii.. Unfortunately,
J

that procedure requires more time and resources than were available

for this analysis. Moreover, we wished to test the model with the

data to discover whether or not an unconstrained estimation of the

expenditure system would yield parameter estimates that approximately

satisfied the implicit relationships among s... Accordingly, we

estimated each of the nine expenditure equations of the system (Eq. 16)

independently.

The implication of this limitation of the analysis is that the

estimates presented in the Appendix tables, and the elasticities of

demand calculated from those estimates (discussed in Sec. V) cannot

be accepted uncritically. When time and resources permit, the system

should be reestimated using an approach that preserves the implicit

relationships among the
ij.

LONGITUDINAL DATA

The policy issues addressed in this study hinge on district

responses, in terms of their expenditures for various school inputs,

to changes in their budgets or in the salaries paid to teachers and

nonprofessionals. An appropriate approach would clearly include

a longitudinal analysis in which changes in district budgets or in

their teacher and nonprofessional salary levels were related to

changes in their expenditure patterns. Unfortunately, the only

national data base on school district expenditures and staffing patterns,
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the ELSEGIS files, does not lend itself to this approach. The two-part

ELSEGIS instrument obtains data on current district staffing; but the

financial data obtained each year refers to the previous year. Thus,

changes in a district's staff could be related to changes in its

budget only if the district were included in the sample for three

consecutive years. The ELSEGIS design, a random sample of districts

stratified by enrollment size, yields relatively few cases in which

a district is included three continuous years except for the large

districts that are automatically covered each year. Moreover, the

results of this analysis show that different types of districts

have quite different expenditure patterns. Thus, longitudinal

analysis would require that a reasonable sample of districts of each

type be included in the survey for three consecutive years.

In this study we merged staffing data from ELSEGIS II (1969)

with finance data from ELSEGIS III (1970) for the 671 large districts

included in both. When ELSEGIS IV becomes available it may be possible

tc link its financial data to the ELSEGIS III staffing data for most

if not all of these districts. If so, differences in district

budgets or salary levels between the 1969-1970 and the 1970-1971

school years can be directly related to differences in their staffing

patterns between those two years. If, however, for some reason the

ELSEGIS IV data cannot be merged with the data from the earlier surveys,

we can see no immediate solution to the problem.

Longitudinal staffing and finance data are available on the

district level in some states. Such studies could thus be conducted

for the districts in a state. But the substantial differences in

expenditure patterns we have found among districts in different regions,

even though they have the same metropolitan status, raise questions

as to the generality of results thereby obtained. (It is possible

that "region" is not an appropriate basis for defining district types.

If so, there is a possibility that statewide studies would yield

generalizable results.)

*
As a matter of analytic convenience we used the data for 612

districts. See Sec. II.
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It is clear that the ELSEGIS design does not provide a very

satisfactory basis for longitudinal analyses. As long as the large

districts are automatically included each year, this problem is

somewhat alleviated. As demonstrated in this analysis, the number

of such districts is sufficient to support fairly detailed empirical

studies. The large districts include approximately one-half of the

elementary and secondary public school pupils and educational profes-

sionals in the nation, and therefore understanding their behavior

is important. However, the large districts may not be representative

of school districts in general. It would be desirable to develop

an understanding of the behavior of smaller districts, which account

for more than 95 percent (in 1970) of all local educational agencies.

In summary, the lack of longitudinal data on district expenditures

and staffing patterns significantly limits empirical work, and the

ELSEGIS design is not conducive to the development of a longitudinal

data base for smaller districts. Accordingly, the automatic inclusion

of large districts in the sample, which results in the generation of

longitudinal data for those districts, should be retained, and con-

sideration should be given to adapting the design to obtain longi-

tudinal data for smaller districts.

STOCK AND FLOW

The ELSEGIS files do not contain data on either new hires or

terminations. Only the numbers of educational professionals employed

by each district are available. This data limitation is reflected

in our empirical work, which focuses on the "stock" of elementary

and secondary teachers and other professionals demanded by a district

given its budget and the factor market conditions it faces. The lack

*
We must note that a variety of factors other than those addressed

here impinge on the design of a large annual survey such as the ELSEGIS.
Our purpose is not to suggest that the ELSEGIS design be changed in
the light of this analysis but, rather, to bring these, points to the
attention of those concerned.
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of data on new hires and terminations is unfortunate since it pre-

cludes the translation of our estimates of the demands for educational

professionals, which pertain to the numbers of professionals a

district will seek to have on its staff, into statements about the

numbers of persons the district will newly employ. This problem

is important in addressing issues related to the teacher surplus

since the relevant concern is generally the number of trained personnel

who cannot find a position.

We should note that the stock of professionals in a district in

any given year equals the previous year's stock less terminations

plus new hires. Thus, if staffing data are available for a district

in two consecutive years, we can compute terminations from data on

new hires and vice versa.

In sum, issues related to the teacher surplus are contingent on

the number of trained professionals seeking a position in relation to

the number of positions available. The number of available positions,

in turn, depends upon the termination rate. Consideration should be

given to the acquisition of data on either new hires or terminations

to supplement ELSEGIS,

DISTRICT TYPE

The definition of district type used in this analysis leaves much

to be desired, We use region and metropolitan status to distinguish

among districts because these are the only variables in the ELSEGIS

files related to the community each district serves. As will be shown in

Sec. V, the results of the empirical work demonstrate that different types

of districts exhibit markedly different expenditure behavior at the margin

despite the similarity in overall expenditure patterns. We presume that

more meaningful (that is, more directly related to a community's educa-

tional needs and priorities) descriptors of district type would enhance

the quality of the estimates considerably.

It may be possible for ELSEGIS to collect some data on district

pupil characteristics (e.g., percentage minority, percentage of pupils
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on welfare, rate of growth in enrollment, absenteeism, and so on),

which would permit district type to be defined in terms of the kinds

of pupils a district serves. More elaborate measures of the character-

istics of the community served by a district (e.g., average income or

educational level) are potentially available from other sources such

as the Census. What is needed, however, is the development of tech-

niques for mapping such data into districts.

TEACHER SALARY

We have used the average salary of educational professionals as

a measure of the price of a teacher. Since teachers are an overwhelming

majority of these professionals, this is probably a reasonably accurate

estimate of the average teachers' salary. Unfortunately, average

teachers' salary may not be a particularly accurate estimate of the

price of a teacher to the district.

When a district employs a teacher it incurs costs equal to the

salary it pays that teacher plus the expenditures it makes on his

or her behalf. The ELSEGIS accounting system reports recurrent

expenditures not readily allocable to other accounts in the fixed

charges category. These include employer contributions to employee

retirement as well as insurance, judgments, rental of land and

buildings, and so on. To the extent that a district's "fixed charges"

include expenditures that vary with the employment of teachers and

other professionals, our measure understates the average price of a

teacher. Consideration should be given to possible changes in the

ELSEGIS accounting system that would separately report what are, in

essence, expenditures for professionals' fringe benefits.

We should also note that the costs of providing fringe benefits,

most notably contributions to retirement, are likely to become an

increasingly important aspect of school district budgeting. During

the 1950s and 1960s there was rapid growth in the number of profes-

sionals engaged in education. Barring major continuing increases in

school district per pupil budgets, the leveling off of enrollments

that began in the late 1960s and is projected to continue into the
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1980s implies a similar leveling off in professional staff. We can

thus expect relatively rapid "ageing" to occur. To the extent that

employer contributions to employee retirement are related to experience

or to salary, which in the vast majority of districts is a function

of experience (and degree level), we can expect district expenditure

for employee retirement to grow, even if staff sizes, salary schedules,

and retirement benefits remain unchanged. If retirement benefits

grow, the problem is exacerbated, even in "fully banded" plans.

Districts participating in retirement plans funded on a revolving

basis may encounter extreme problems if retirement "bulges" materialize

in the early 1980s.

These observations are speculative. The lack of data precludes

analysis of these issues. However, the change in the ELSEGIS

accounting system suggested above would provide the kinds of data

needed to begin to assess the potential extent to which such problems

may emerge in the future. Of course, detailed analysis would require

additional data on the types of retirement plans in which districts

participate, coverage, benefits, and so on. These data would probably

have to be obtained in a special survey, perhaps supplemental to the

ELSEGIS.

Returning to the problem of measuring the price of a teacher,

even if we had the average cost, to the district, of employing a

professional, we would still lack a good measure of what the district

perceives as the price of a teacher. A teacher's salary depends upon

his or her degree level and experience. The price of an inexperienced

teacher with a Bachelor's degree can be one-half to two-thirds the

price of a teacher who has had years of experience and possesses

a Master's degree. How much it costs a district to hire a teacher

depends upon the kind of teacher it hires. We lack the data needed

to assess the districts' priorities in this regard (see below) and

hence do not know what the district uses as a measure of the price

of a teacher when it makes staffing decisions.
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TEACHER CHARACTERISTICS

The ELSEGIS files provide no data on the characteristics of

teachers or other professionals other than assignment, e.g., ele-

mentary teacher, secondary teacher, principal, and so on. The

conventional wisdom holds that a teachers' degree level and experience

matter. It seems reasonable to believe that districts have preferences

for one type of teacher as compared to another. And, as noted above,

the cost of employing a teacher certainly varies with these character-

istics. Districts are thus confronted with choices among inputs which

may, from the district's point of view, differ in quality and which

certainly differ in price. The lack of data on teacher characteristics

precludes analysis of this aspect of district expenditure behavior.

Consideration should be given to amending the ELSEGIS staffing

instrument to obtain data on the distributions of teachers by degree

level and experience.

*
Whether a teacher's experience or degree level actually affect

the "quality" of education is not at issue here.
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V. EMPIRICAL RESULTS

This section is divided into four parts. We begin by defining

some basic concepts that will be used later in the section. In the

second part we examine the demand for educational professionals,

elementary and secondary teachers, and "other" professionals. We

then examine the demand for nonprofessionals and, in addition, demands

for nonpersonnel school inputs. Since the primary focus of this

analysis is the school districts' demands for educational profes-

sionals, we devote relatively little attention to the other input

categories.

PRELIMINARY REMARKS

The expenditure model (Eq. 16) contains nine expenditure equations,

each of which "explains" school district expenditures for one of the

nine school inputs included in the analyses. The coefficient of b in

each equation, Oil in the equation for the ith input, is particularly

interesting because it is an estimate of the parameter ai. Recall that

this parameter indicates the share of a district's discretionary budget

that it will spend on the ith input. We can thus interpret the

coefficient as the rate of increase (decrease) in a district's expendi-

tures for elementary teachers that would accompany an increase (decrease)

in its budget. For example, 611 for North Atlantic Central City dis-

tricts is .223. This implies that, other things being equal, if such a

district's budget were increased by, say, $10 per pupil, its expendi-

tures for elementary teachers would increase by $2.23 per pupil. We

would expect the estimate of ai to be positive.

The partial elasticity of expenditures on the ith input with

respect to the budget is defined as the percentage change in expenditures

*
Since we assume that the district's budget is sufficient to meet

the minimum requirements, any marginal increase (decrease) in its
budget is an increase (decrease) in its discretionary funds.
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for ttie ith input divided by the percentage change in the budget and

denoted e(P.X
i
:b). The partial elasticity of expenditures on the ith

input for the teachers' salary level, PT, is defined as the percentage

change in the expenditures for the ith input divided by the percentage

change in the "price" of teachers and denoted e(PiXi:PT). The important

property of the elasticity of a function is that it is a number that is

independent of the units in which the variables are measured. (An

elasticity is defined in terms of proportional changes that are neces-

sarily independent of units.)

For example, e(PiXi:b)
81113

/PiXi. Thus, the partial elasticity

of expenditures per pupil for elementary teachers with regard to the

budget equals 011 multiplied by the budget divided by expenditures per

pupil for elementary teachers. Multiplying both sides of the first

equation of Eq. 16 by A, taking the partial derivative with respect to b,

and then multiplying that partial derivative by b/PTTE, we obtain the
**

following set of relationships:

811bA 811 b

PTTE Db PTTE al) PTTE
(

p
1
X
1

9

which shows that the partial elasticity of expenditures for elementary

teachers with respect to the budget is independent of the units in wh13.ch

expenditures are measured.

The elasticities cited below are, in all cases, calculated at the

mean. In North Atlantic central city districts, 811 is estimated to

be .223; the average budget in such districts is $765.36 per pupil; and

In general, if X = f(yi, y2, ..., yn), the partial elasticity of X

X af(Y1Y2' '"' yn)
regarding yi is and will be denoted e(X:y

i
).

Y axi

PTE TE**
Recall that p1X1 - --A

()()
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the average expenditure per pupil for elementary teachers is $247.68.

Hence, for North Atlantic central city districts, e(piXi:b) = .689. In

other words, a 1-percent increase (decrease) in a North Atlantic central

city district budget will be translated into a .69-percent increase

(decrease) in its expenditures for elementary teachers.

One final comment on the concept of a partial elasticity is in

order. In all cases, we explicitly assume that the exogenous variables

are independent. Thus, the partial elasticity of expenditures for the

ith input in terms of b (or is is the percentage change in piXi that

would result from a 1-percent change in b(PT), assuming that (b)PT and

P
N

are not affected by the change in b(P
T
).

DEMAND FOR EDUCATIONAL PROFESSIONALS

The first three equations of the system in Eq. 16 describe school

district behavior regarding expenditures per pupil for elementary

teachers, secondary teachers, and other professionals, respectively.

Thus,

TE P
T
E

-
10

+
811

b +
12 A

+
13

P
T

+ 0
14

P
N

PITS P
T
S

-
A

0
20

+ 5
21
b + 022

A
+

23
P
T
+

24
P
N

PTTO P
T
E

=A
0
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+ 0
31
b +

32 A
+ 0

33
P
T

+ 0
34

P
N '

(16.1)

(16.2)

(16.3)

where the 0 represents functions of the parameters ai and C
i
(i = 1, ..., 9).

Multiplying each equation through by A/PT, we obtain the derived demand

equations for the three categories of educational professionals:
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and similarly for Eqs. 16.2 and 16.3. Tables Al through A3 in the

Appendix provide the results of the estimation of Eqs. 16.1 through

16.3 for each of the 12 regions defined by metropolitan status.

Overall, the model performs extremely well. The model explains

about 90 percent of the variance in district behavior regarding per

pupil expenditures for elementary teachers in 10 of the 12 samples.

The results for central city school districts and for suburban districts

in the Great Lakes and Plains region -- regressions numbered 1.21 and

1.22 -- are somewhat less satisfactory though even in these two cases

roughly 65 percent of the variance in expenditures for elementary

teachers is explained by the model. The model performs even better with

respect to expenditures per pupil for secondary teachers, explaining at

least 80 percent of the variance in every case and better than 90 percent

in 7 of he 12 cases.

The residual category of professionals ("other professionals") con-

tains a heterogeneous group of personnel including teachers not assigned

to an elementary or secondary school, various specialists, and super-

visory personnel employed in the school building. It is no surprise

that the model does less well in explaining expenditures for other pro-

fessionals. Roughly /0 percent of the variance in expenditures for

personnel in this category is captured.

The F statistics for the regressions are very high in every case.

*
We also estimated the normalized derived demand equations corre-

sponding to Eqs. 16.1 through 16.3. For example,

T
E A bA A

+
PNA

E 1312 + 810 P
T
E '11 P

T
E 813 8 814 P

T
E

The value of R
2

obtained for each estimation was, of course, lower than
that obtained from the estimation of the corresponding expenditure
equation. However, the parameter estimates were not greatly affected.
In particular, the estimates of a1.

1
,

13'
and 8i4 were virtually identical

in the two sets of estimates for i = 1, 2, 3, for all 12 regional samples.
The estimates of 810 and 0

12
were somewhat less stable across the two

approaches, but the differences were never large.
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Demand for Elementary Teachers

Table 1 summarizes the demand for elementary teachers in terms of

three characteristics of the demand function: a
l'

the rate at which a

marginal change in a district's budget is translated into expenditures

for elementary teachers; c(TE:b), the partial elasticity of the demand

for elementary teachers in regard to the budget; and s(TE:PT), the

partial elasticity of the demand for elementary teachers in regard to

the price of teachers. These are calculated using the parameter esti-

mates of Appendix Table Al.

The estimated values of a
1
($

11
) are positive, as expected, in every

case and significant at the 1-percent level in 9 of the 12 cases. The

coefficient is not significant for the North Atlantic nonmetropolitan

districts, the Great Lakes and Plains central city districts, and the

nonmetropolitan districts in the West and Southwest. Among those cases

where the coefficient is significant, it ranges in value from about .15

in the Southeast and West and Southwest central city districts, to .28

in North Atlantic suburban districts. In general, then, there are major

differences among district types in terms of their demands for elementary

teachers. North Atlantic suburban districts would devote nearly 30 per-

cent of a budget increment to increased expenditures for elementary

teachers, whereas other types of districts would allocate a share of a

budget increment insignificantly different from zero to that expenditure

category.

The third column of Table 1 provides estimates of c(TE:b). Note

that, with respect to the budget, the partial elasticity of expenditures

for elementary teachers, the partial elasticity of the demand for

elementary teachers, and the partial elasticity of the teacher/pupil ratio

at the elementary level are identical. Thus, a 1-percent increase in a

North Atlantic central city district's budget would yield a .69-percent

increase in its expenditures for elementary teachers, a .69-percent

increase in the number of elementary teachers it would seek to employ,

and a .69-percent increase in its teacher/pupil ratio at the elementary

level.

That is, e(P
T
T
E
:b) = e(T

E
:b) = E(T

E
/E:b).
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Table 1

SUMMARY OF DEMAND FOR ELEMENTARY TEACHERS

District Type al c(T :b) c(T :P )

North Atlantic
Central City .223 .689 -.760
Metropolitan, Other .286 .928 -1.078
Nonmetropolitan .029 .090 -.235

Great Lakes and Plains
Central City .053 .166 -.378
Metropolitan, Other .170 .527 -.848
Nonmetropolitan .193 .572 -.876

Southeast
Central City .156 .424 -.246
Metropolitan, Other .235 .645 -.532
Nonmetropolitan .201 .556 -.308

West and Southwest
Central City .155 .466 -.409
Metropolitan, Other .170 .503 -.369
Nonmetropolitan .097 .300 -.316

The budget elasticities of demand for elementary teachers range from

.09 in North Atlantic nonmetropolitan districts to .93 in North Atlantic

suburban districts. In general, it appears that a l-percent increase in

a school district's budget will induce an increase of approximately .5 per-

cent in its demand for elementary teachers, expenditures for elementary

teachers, and teacher/pupil ratio at the elementary level.

There are, however, substantial differences among the 1.2 samples.

Even neglecting the upper extreme and the three cases in which the

elasticity is based on an estimate of al not significantly different from

zero, there are major differences among districts having differing metro-

politan status within a region and among districts having the same

metropolitan status in different regions. Within the North Atlantic and

Southeast regions, for example, the budget elasticities in suburban dis-

tricts are about 50 percent greater than the respective budget elasticities

in central city districts. Similarly, North Atlantic central city
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districts have an elasticity about 50 percent greater than the elastici-

ties of central city districts in either the Southeast or the West and

Southwest regions.

The relationship between the "price" of an elementary teacher -- the

teachers' salary level, PT -- and a district's expenditures per pupil for

elementary teachers is relatively straightforward. An increase in the

teachers' salary level increases the cost of meeting the minimum require-

ments for educational professionals
*
and thus reduces the district's dis-

cretionary budget. Since a constant proportion, al, of the discretionary

budget will be allocated to the employment of elementary teachers, the

number of discretionary dollars allocated to elementary teachers will be

reduced. Each additional elementary teacher costs more, and there are

fewer dollars available for discretionary purchases of elementary

teachers. The number of elementary teachers demanded at the increased

salary level thus will be reduced.

The above argument does not, however, imply that the district's

total expenditures on elementary teachers will necessarily be reduced as

a result of an increase in the price of teachers, despite the fact that

discretionary expenditures on elementary teachers will be reduced.

Expenditures on the minimum required number of elementary teachers at the

new higher price will be increased. Hence, what happens to expenditures

on elementary teachers when PT is increased depends upon whether the

increase in required expenditures for elementary teachers is greater or

less than the decrease in discretionary expenditures for elementary

teachers.

Partially differentiating Eq. 16.1 with respect to PT and substi-

tuting for 812 and 013 yields

3(11TTE)

a PT 812 A + 813 (C1 al(C1 C2)) -A- YC1 C3).

An increase in P
T
makes secondary teachers and other professionals

more expensive as well as increasing the cost of elementary teachers.
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Recall that C
1

is the minimum required teacher/student ratio at the

elementary level. We define T to be the minimum required number of
E ,

1

elementary teachers; i.e., C1 = TE/E. Similarly, C2 = Ts/S and

C
3

= T
0
/A

'

where T and T
0

are the minimum required numbers of secondary

teachers and other professionals. Then,

9(PTTE (
TE alTE + Ts + To)

D PT A A

The first term on the right-hand side of the equation, TE/A, is the rate

of change in expenditures per pupil for the minimum required number of

elementary teachers. The second term, al(TE + Ts + To)/A, is the rate

of change in expenditures per pupil for the minimum required number of

prcfessionals, (TE + Ts + To)A, which equals the change in the district's

discretionary budget multiplied by the share of the discretionary budget,

a
l'

allocated to expenditures for elementary teachers.

The estimates of 812 and 813 for each of the 12 samples are given

in the Appendix (Table Al). The B
12

is positive as expected and signif i-

cantly different from zero at the 1-percent level in every case. The

estimates range from .03 to .06. The estimates of 813 are uniformly

negative as expected and significantly differ from zero at the 5-percent

level in 11 of the 12 cases. In West and Southwest nonmetropolitan dis-

tricts, 813 is insignificant at the 5-percent level.

The fourth column of Table 1 indicates the partial elasticities of

the demand for elementary teachers with regard to teacher salary for

each of the 12 samples. The e(TE:PT) are all, of course, negative and

range in value from -.23 to -1.08. The interpretation of these estimates

follows directly from the definition of the partial elasticity of the

demand for elementary teachers. In North Atlantic central city districts,

for example, t(TE:PT) equals -.76, which implies that a 1-percent increase

in teachers' salaries would lead to a .76 percent reduction in the number

of elementary teachers demanded.

The partial elasticity of expenditures for salaries of elementary

teachers is equal to one plus the partial elasticity of demand for
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elementary teachers with respect to salary. Thus, except for

one case -- North Atlantic suburban districts -- an increase in the

price of teachers would lead to an increase in expenditures for elemen-

tary teachers despite the fact that fewer elementary teachers will be

employed as their price rises. In North Atlantic central city districts,

for example, expenditures for elementary teachers would rise by .24 percent

for each percent increase in teacher salary.

The remaining variable in Eq. 16.1 is the salary level of nonpro-

fessional staff, P
N.

Its effect upon expenditures per pupil for elemen-

tary teachers is similar to the effect of PT. That is, an increase in

P
N

increases the district's cost of meeting the minimum requirement for

nonprofessionals which, in turn, reduces the district's discretionary

budget. Finally, the reduction in the district's discretionary budget

is reflected in reduced discretionary expenditures for elementary
* *

teachers.

The coefficient of P
N'

E
14'

is negative as expected in 11 of the

12 samples. However, 514 is significantly different from zero at the

5-percent level in only two cases. Elasticities of the demand for

elementary teachers in terms of FN are quite small in all cases

(approximately -.02).

Demand for Secondary Teachers

Table 2 summarizes the demand for secondary teachers in terms of

a
2
-- the rate at which marginal changes in a district's budget are

That is, c(P
T
T
E
:P
T
) = c(T

E
:P
T
) + 1.

**
Taking the partial derivative of Eq. 16.1 with respect to PN and

substituting for Elio

T)
1

-(

P
T
A

- -a
1
C
4

=-27pN A '

where N is the minimum required number of nonprofessional staff.
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translated into expenditures for secondary teachers -- and the partial

elasticities of the demand for secondary teachers with respect to the

budget and the teachers' salary level. The parameter estimates appear

in Appendix Table A2.

The coefficient of b in each regression, a
21'

is an estimate of

the parameter a2 for the districts in the sample. It is interpreted

as the rate of increase in a district's expenditures for secondary

teachers that would result from an increase in its budget. The second

column of Table 2 displays the estimates of a
2

for the districts in

each of the 12 samples.

The estimated values of a
2
are positive, as expected, in every case,

and statistically significant at the 1-percent level in 10 of the 12

cases. In the case of the nonmetropolitan North Atlantic districts, the

coefficient fails to be significant at the 5-percent level. The esti-

mates range from .07 in North Atlantic nonmetropolitan districts to about

.25 in Great Lakes and Plains and Southeast suburban districts. As was

the case for elementary teachers, there are major differences among

district types in terms of the share of a marginal change in their

respective budgets that would be allocated to secondary teachers.

The partial elasticities of demand for secondary teachers with

respect to the budget are displayed in the third column of Table 2.

They are, of course, positive in every case. The elasticities range

between .27 and .89. In general, it appears that a 1-percent increase

in a school district budget will yield an increase in its expenditures

for secondary teachers of approximately .6 percent. There are, again,

major differences among district types. Hence, the impact of a budget

increase upon the demand for secondary teachers varies considerably from

one type of district to another. Among North Atlantic districts, for

example, the elasticity of demand for secondary teachers in metropolitan

areas (both central city and suburban districts) is more than twice that

of nonmetropolitan areas.

Note that e(P
T
T
S
:b) = E(T

s
/S:b) = E(T

s
:b).
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Table 2

SUMMARY OF DEMAND FOR SECONDARY TEACHERS

District Type
a2 c(TS:b)

e(T
S
:P
T

)

North Atlantic
Central City .152 .573 -.843
Metropolitan, Other .180 .630 -1.031
Nonmetropolitan .071 .270 -.298

Great Lakes and Plains
Central City .118 .453 -.499
Metropolitan, Other .259 .849 -.766
Nonmetropolitan .127 .420 -.171

Southeast
Central City .195 .687 -.465
Metropolitan, Other .252 .888 -.858
Nonmetropolitan .155 .582 -.451

West and Southwest
Central City .177 .611 -.579
Metropolitan, Other .153 .541 -.519
Nonmetropolitan .162 .579 -.568

The relationship between the teacher salary level, PT, and expendi-

tures for secondary teachers can be viewed in the same terms as the earlier

discussed relationship between PT and expenditures for elementary teachers.

A change in PT affects the district's discretionary budget which, in turn,

affects its discretionary expenditures for secondary teachers. Partially

differentiating Eq. 16.2 in terms of P
T
and substituting for 6

22
and a

23
and then for C

1,
C2, and C

3
yields

a(

PTTS)

A
- S22 623

(C2 + a (C - C )) a (C + C3)
3 PTA A 23 2 2 1 2 A 2 1 3

1 1

T
S

(TE + Ts + To)

A- al A

The first term on the right-hand side of the equation, Ts/A, is the rate

of increase, with respect to PT, in per pupil required expenditures for
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secondary teachers. The second term on the right side is the rate of

increase, with respect to PT, in required per pupil expenditures for

professionals, which equals the rate of decrease in the discretionary

budget (note the minus sign) times the share of the discretionary budget

allocated to secondary teachers.

Estimates of 822 and 823 for each of the 12 samples are presented

in Appendix Table A2. The 812 has the expected positive sign and is

significant at the 1-percent level in 9 of the 12 cases. The estimates

of 812 fall between .035 and .049, while the estimated values of 813

range from -.021 to -.001.

The partial elasticities of the demand for secondary teachers with

respect to PT are displayed in the fourth column of Table 2. All are

negative and, except North Atlantic suburban districts, all are greater

than -.85. The z(T
S
:P
T
) for North Atlantic suburban districts is -1.03.

The partial elasticity of expenditures for secondary teachers with

respect to the teachers' salary level equals one plus the partial elas-

ticity of demand for secondary teachers with respect to PT. Hence,

with the exception of North Atlantic suburban districts, e(PTTS:PT) is

positive and less than one.

In sum, these results imply that a 1-percent increase in teacher

salary level would lead to a reduction in the number of secondary teachers

demanded. The magnitude of the reduction would be between .17 and 1.03

percent, depending upon district type. Expenditures for secondary

teachers would rise by .16 to .83 percent, again depending upon district

type, except for North Atlantic suburban districts where expenditures

on secondary teachers would fall slightly.

The coefficient of the price of nonprofessionals, PN, has the

expected negative sign in. 10 of the 12 cases, but is significantly

different from zero at the 5-percent level in only three cases. More-

over, one of the significant coefficients (regression 2.13) has the

wrong sign. The magnitudes of the coefficients tend to be so small that

the E(T
S
:P
N
) are negligible.
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Demand for "Other" Professionals

We now turn to the results for educational professionals other than

elementary and secondary teachers. Table A3 in the Appendix displays

the results of the estimation of Eq. 16.3 for the 12 samples. Table 3

provides the estimates of u3 -- the rate at which marginal budget

changes are transformed into expenditures for other professionals -- and

the partial elasticities of demand for other professionals with regard

to budget, c(T
0
:P
T
), and with regard to the teacher salary level,

e(T P ).
0'

.

T

The values of 6
31'

the coefficients of b, are estimates of the

parameter u3. They are positive, as expected, and statistically signifi-

cant at the 1-percent level in every case. The estimated values range

from .09 in Southeast suburban districts to .32 in Great Lakes and Plains

central city districts. These results imply that, in general, about

one-fifth of a marginal change in a district's budget would be allocated

to expenditures for the professionals.

It is interesting to note that school district expenditures for

elementary teachers tend to be three to four times as large as their

expenditures for other professionals. Expenditures for secondary

teachers tend to be smaller than expenditures for elementary teachers,

but are still roughly three times the size of expenditures for other

professionals. However, among the 12 samples, ct3 -- the share of the

discretionary budget allocated to other professionals -- is generally

as large or larger than a
1
or a

2
-- the respective shares of the dis-

cretionary budget allocated to elementary and secondary teachers. This

implies that the relatively large proportions of districts' budgets

allocated to expenditures for elementary and secondary teachers is not

indicative of their spending behaviors at the margin. Districts spend

large shares of their budgets on elementary and secondary teachers to

meet the minimum requirements for those two inputs. A much smaller share

of the discretionary budget is devoted to expansion of the teaching staff

beyond the minimum required levels.

See Appendix Tables Al, A2, and A3. The entries in the first row
of each table give mean expenditures per pupil for the 12 samples for the
school input to which the table applies.
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Table 3

SUMMARY OF DEMAND FOR OTHER PROFESSIONALS

District Type a3 c(T :b) E(T :P )

North Atlantic
Central Cit. .216 2.031 -1.683
Metropolitan, Other .202 2.087 -1.299
Nonmetropolitan .306 3.k94 -2.937

Great Lakes and Plains
Central City .31.9 2.622 -2.222
Metropolitan, Other .128 1.347 -1.142
Nonmetropolitan .197 2.095 -2.135

Southeast
Central City .238 2.505 -2.812
Metropolitan, Other .091 .959 -.789
Nonmetropolitan .272 2.504 -2.996

West and Southwest
Central City .246 2.225 -2.413
Metropolitan, Other .238 2.354 -2.579
Nonmetropolitan .187 1.673 -1.932

This result is reflected by the partial elasticities of the demand

for other professionals with respect to the budget, reported in the third

column of Table 3. The ,(T
0
:b) ranges from .96 in Southeast suburban

districts to 3.19 in North Atlantic nonmetropolitan districts. Thus, a

1-percent increase in a district's budget would result in an increase of

about 2 percent in the number of other professionals it employs. Since

both the partial elasticity of expenditures for other professionals and

the partial elasticity of the ratio of other professionals to pupils equal

the partial elasticity of demand for other professionals, with respect to

the budget, a 1-percent increase in a district's budget would increase

both its expenditures for other protessionals and its ratio of other

professionals to students by about percent.

The partial elasticities of e-land for elementary and secondary

teachers regarding the budget were found to be less LiAn 1 in every case

and most fell in the range of .4 to .7. Thus, a l-oeront increase

in a district's budget would result in a percentage increase in demand for other
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professionals about four times as large as the resulting percentage

increases in the demands for elementary and secondary teachers.

Again, we remind the reader that there appear to be substantial

differences among district types. Hence, these general statements

should not be taken literally. For example, a 1-percent budget increase

would result in an increase in expenditures for other professionals of

slightly less than 1 percent in Southeast "metropolitan, other" dis-

tricts and of more than 3 percent in North Atlantic nonmetropolitan

districts.

The relationship between the teachers' salary level and the demand

for other professionals is essentially the same as the above described

relationships between PT and the demands for elementary and secondary

teachers. That is, an increase in PT reduces the district's dis-

cretionary budget and thus its discretionary expenditures for other

professionals. This can be formally demonstrated by partially dif-

ferentiating Eq. 16.3 in terms of PT and substituting for 832 and an.

(PTT) V V I )

a (T
A
O

E 0 3E + T
S
+ T

O
3

T
A 833

T

A A

The partial elasticity of demand for other professionals with respect

to P
T

is reported, for each of the 12 samples, in the fourth column of

Table 3. Southeast nonmetropolitan districts are the most responsive to

changes in TheThe elasticity of -2.99 indicates that a 1-percent change

in the teachers' salary level would result in a change of approximately

3 percent in the demand for other professionals in those districts. At

the other extreme is the elasticity of .79 for Southeast suburban dis-

tricts. It should be noted, however, that these elasticities are calcu-

lated from the estimated values of 832 and 833, few of which are

significant. At the 5-percent level, 3 of the 12 estimates of 8,2 and

S of the 12 estimates of 833 are significantly different from zero.

In absolute values, the partial elasticities of demand for other

professionals with regard to PT tend to be much larger than the partial
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elasticities of demand for either elementary or secondary teachers with

regard to the price of teachers. This relationship is consistent with

theabovenotedrelationshipsbetweentherespectivea.1 and between the

respective elasticities with regard to b.

As was the case for both elementary and secondary teachers, the

coefficients of P
N

tend to be insignificant and, in any event, so small

as to yield negligible elasticities of demand for other professionals

connected with the price of nonprofessionals.

Aggregate Demand for Educational Professionals

District behavior with respect to total expenditures for educational

professionals can be obtained by summing the expenditure equations for

each of the three categories:

PT(T T TE S OL
b + Si2 A

P
T
E

+ 131. P + a P )
A JO il 3 T i4 N

i=1

We can then calculate the share of a district's discretionary budget that

will be allocated to educational professionals, and the partial elastici-

ties of demand for educational professionals with respect to the budget

and to the teachers' salary level. Table 4 provides these data using

the parameter estimates of 1, 2, 3) obtained from estimation

of the three disaggregated models. For example, the share of a district's _

discretionary budget that it allocates to educational professionals

equals the partial derivative of total expenditures for educational pro-

fessionals in terms of b which, in turn, equals

11 + 621 + 631

The estimates provided in the second column of Table 4 imply'that

depending upon district type, a district will allocate between 40 and 66

percent of a marginal increase in its budget to expanding its professional

staff. Or, in terms of the elasticity estimates in the third column of
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Table 4

SUMMARY OF DEMAND FOR PROFESSIONAL STAFF

District Type +T
S
+T

0
:6)

E
e(TE +TS +TO :PT)

North Atlantic
Central City .591 -.936
Metropolitan, Other .668 .967 -1.090
Nonmetropolitan .406 .596 -.648

Great Lakes and Plains
Central City .490 .699 -.743
Metropolitan, Other .557 .771 -.853
Nonmetropolitan .517 .704 -.751

Southeast
Central City .589 .788 -.661
Metropolitan, Other .506 .681 -.687
Nonmetropolitan .628 .852 -.767

West and Southwest
Central City .578 .788 -.782
Metropolitan, Other .561 .777 -.738
Nonmetropolitan .446 .624 -.675

Table 4, a 1-percent increase in a district's budget would result in an

increase in expenditures for professional staff of between .60 and .96

percent, depending upon the type of district. A 1-percent increase in

teachers' salary, P1., would result in a decline in the district's demand

for professionals of about .75 percent and an increase in expenditures

for professional staff of about .25 percent. The ranges of the latter

two estimates are .65 to 1.09 and .35 to -.09.

DEMAND FOR NONPROFESSIONALS

. The fourth equation of the system Eq. 16 describes school district

behavior associated with expenditures per pupil for nonprofessional staff

as

P
N
N

PTE

A P'40 + (411) 42 43
P
T
+

44
P
NA

Note that
T(TE

+ T
S
+ T

0 T
):P ) = r(T

E
+ T

S
+ TOT:P ) + 1 .

(16.4)
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The derived demand equation for nonprofessionals is obtained by multi-

plying Eq. 16.4 through by A/PN. Appendix Table A4 provides the results

of the estimation of Eq. 16.4 for each of the 12 samples.

Overall, the model fits the data quite well. In only one case --

regression 4.23 -- is less than 50 percent of the variance in districts'

expenditures per pupil for nonprofessional staff explained by the model,

and R
2

is better than .7 in 9 of the 12 cases. The F statistics for

the regressions are large in every case except regression 4.23.

Table 5 summarizes the demand for nonprofessionals in terms of four

characteristics of the demand function: a
4'

the rate at which a marginal

change in a district's budget is translated into expenditures for nonpro-

fessional staff; c(N:b), the partial elasticity of the demand for nonpro-

fessionals with respect to the budget; and c(N:PT) and c(N:PN), the

partial elasticities of demand for nonprofessionals with respect to the

teachers' salary level and the salary level for nonprofessionals.

The estimated values of a
5
(a
41

) are positive, as expected, and

significantly different from zero at the 5-percent level in every case.

The estimates vary from one type of district to another, ranging in value

from about .025 in the North Atlantic suburban and Southeast and West

and Southwest nonmetropolitan districts to .142 in the Great Lakes and

Plains central city districts. Only two of the estimates, however, are

greater than .083. Thus, in general, it appears that roughly 5 percent

of a marginal change in a school district's budget will be allocated to

nonprofessional staff.

The third column of Table 5 provides the estimates of e(N:b). In

terms of the budget, the partial elasticity of expenditures for nonpro-

fessionals, the partial elasticity of the demand for nonprofessionals,

and the partial elasticity of the ratio of nonprofessionals to pupils

are identically equal. Thus, a 1-percent increase in a North Atlantic

central city district's budget will result in an approximately

1.5-percent increase in its expenditures for nonprofessionals, its demand

for nonprofessionals, and its ratio of nonprofessionals to students.

The budget elasticities of demand for nonprofessionals are positive

in all 12 cases and range between .68 in West and Southwest nonmetropolitan
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Table 5

SUMMARY OF DEMAND FOR NONPROFESSIONALS

District Type u5 c(N:b) E(N:PT) c(N:P
N

)

North Atlantic
Central City .057 1.529 -.624 -.366
Metropolitan, Other .025 .733 .336 -.314
Nonmetropolitan .078 1.814 -.615 .420

Great Lakes and Plains
Central City .142 2.351 -.858 -.343
Metropolitan, Other .039 1.228 .475 -.847
Nonmetropolitan .083 2.888 -1.135 -1.000

Southeast
Central City .061 1.992 -.625 -.472
Metropolitan, Other 048 1.733 -.581 -.107
Nonmetropolitan .026 .859 .000 -.363

West and Southwest
Central City .112 2.327 -1.269 -.836
Metropolitan, Other .073 1.523 -.476 -.662
Nonmetropolitan .028 .677 .000 -1.727

districts to 2.89 in Great Lakes and Plains nonmetropolitan districts.

These elasticities are greater than 1.5 in 8 of the 12 cases and greater

than 2.0 in three of those instances. There are clearly substantial

differences among districts in terms of their responsiveness, with respect

to expenditures for nonprofessionals, to an incremental change in their

budgets.

There does not appear to be a consistent relationship between the

teachers' salary level and expenditures per pupil for nonprofessional

staff. The estimate of 842 is significant at the 5-percent level in only

3 of the 12 samples, and the estimates of 843 are insignificantly different

from zero in 10 of the 12 samples. The partial elasticity of demand for

nonprofessionals in terms of PT is given for each of the 12 samples in the

fourth column of Table 5. With two exceptions, one of which happens to be

the single instance in which both 842 and 843 are significant, the elas-

ticities are negative.

The last column of Table 5 displays the partial elasticities of

demand for nonprofessionals associated with the price of nonprofessionals.

These are based upon the estimated values of 844 (which are positive, as



51

expected, in every case) and are significantly different from zero at the

5-percent level in 11 of the 12 samples. The elasticities range from

-1.73 in West and Southwest nonmetropolitan districts to .42 in North

Atlantic nonmetropolitan districts. A 1-percent increase in PN will,

accordingly, yield a decrease in the number of nonprofessionals demanded,

except in North Atlantic nonmetropolitan districts. The magnitude of

the decrease will range from .11 to 1.73-percent.

The partial elasticity of expenditures for nonprofessional staff

with respect to PN equals one plus the partial elasticity of demand for

nonprofessionals with respect to the budget. Thus, in only one case,

West and Southwest nonmetropolitan districts, will an increase in the

salary level of nonprofessional staff result in reduced expenditures for

nonprofessionals. In the remaining 11 cases, a 1-percent increase in PN

will yield an increase in expenditures for nonprofessionals of between

zero percent in Great Lakes and Plains nonmetropolitan districts to

1.42 percent in North Atlantic nonmetropolitan districts.

In the exceptional case, West and Southwest nonmetropolitan dis-

tricts, a 1-percent increase in PN will result in a .73-percent decrease

in expenditures for nonprofessional staff.

DEMANDS FOR NONPERSONNEL INPUTS

The last five equations of Eq. 16 describe school district behavior

associated with expenditures per pupil for the nonpersonnel school

inputs: administration (X5), nonpersonnel instructional inputs (X6),

attendance and health services (X7), pupil transportation (X8), and plant

operation and maintenance (X9). Thus,

P
T
E

x.
1

R. + r3ilb + a
i2 A + a.

13
P
T

+ 13i4 PN
i = 5, ..., 9. (16.5)

We use the term "nonpersonnel" to describe these inputs because the

data do not identify the various physical units involved in each case.

Thus, the input category "administration" includes personnel inputs; lacking

data on those inputs, however, we must deal with aggregate expenditures

for administration as the input measure.
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In view of the ad hoc treatment of these input categories, it is

no surprise that the model does not perform as well in explaining

expenditures for these inputs as it did for the personnel input cate-

gories. Nonetheless, the mode] does reasonably well in three

categories -- administration, attendance and health services, and

other instructional inputs -- and surprisingly well in one -- plant

operation and maintenance. It performs poorly in terms of pupil trans-

portation. Since factors such as population density and terrain obviously

affect the costs of pupil transportation, yet are not reflected in the

model, we did not expect to do very well in this regard.

Demand for Administration

Appendix Table A5 presents the results of the empirical analysis of

district expenditure for administration. In 9 of the 12 samples the

model, Eq. 16.5 explains a significant proportion of the variance in

expenditures for administration among the districts included. The F

statistic is insignificant in the regressions for the North Atlantic

and the Great Lakes and Plains nonmetropolitan districts and the South-

east central city districts. In those cases where the regression is

significant, we can account for 40 to 75 percent of the variance in the

dependent variable.

The coefficients of b (see Table A5) are positive, as expected, in

every case and significant at the 5-percent level in 10 of the 12

samples. These coefficients are estimates of a5, the rate at which

marginal changes in a district's budget are translated into expenditures

for administration. They range in value from .04 (considering only

significant estimates) to about .07.

The second and third column of Table 6 provide our estimates of the

partial elasticities of expenditures for administration with respect to

the budget, t(X5:b), and with respect to the teacher salary level,

e(X5:PT). It should be noted that the estimates $52 and 053 enter the

latter. Both coefficients are significantly different from zero at the

5-percent level for the Great Lakes and Plains central city and suburban

district samples. Both coefficients are insignificant at the 5-percent

level in the remaining 10 samples.
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The coefficient of P
N'

8
54'

is significant, with the expected

negative sign, in 3 cases and insignificant in the other 9.

Demand for Other Instructional Inputs

The results of the empirical analysis of district expenditures

for other instructional inputs are presented in Appendix Table A6.

The model (Eq. 16.6) fails to explain a significant (at the 5-percent

level) portion of the variance in expenditures for this input in

Southeast central city and nonmetropolitan districts. The F for the

regression is significant at the 5-percent level in the remaining 10

cases. R
2

, for the significant regressions, ranges from .29 to

about .7.

The coefficients of b are estimates of the parameter a6. They

are positive, as expected, and significantly different from zero at

the 5-percent level in every case. The lowest value of 6
61

is .06

for the Southeast nonmetropolitan districts. The highest estimate is

.21, obtained in the regression for North Atlantic nonmetropolitan

districts. This implies that 6- to 21-percent of a marginal change

in a district's budget would be allocated to other instructional

inputs, depending upon district type.

The estimates of 6
62

range in value from -.008 to .007. The

coefficient is significant in 5 of the 12 cases, including both

extremes. The coefficients of P
T, the 8

63'
are significant in 9 of

the 12 samples and range in value from -.01 to .004. Again, both

extreme estimates are significant. The estimated values of PN are

negative in every case. Seven of the 12 estimates are significantly

different from zero at the 5-percent level.

The fourth column of Table 8 displays estimates of c(X
6
:b), the

partial elasticity of expenditures for nonpersonnel instructional

inputs with regard to the budget. Estimates of E(X6:PT), the partial

elasticity of expenditures for other instructional inputs with respect

to the teachers' salary level, are given in the fifth column.
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Demand for Attendance and Health Services

Four of the 12 empirical analyses of expenditures for attendance

and health services failed to account for a significant proportion

of the variance in districts' behaviors with respect to the input

category. These were the regressions for the Great Lakes and Plains

central city and nonmetropolitan districts, the Southeast nonmetro-

politan districts, and the West and Southwest central city districts.

Table A7 in the Appendix pruvides the results of the estimation of

Eq. 16.7 for all 12 samples.

The coefficient of b, an, was not significant at the 5-percent

level in each of the "above mentioned samples and Was significant in

each of the remaining eight samples. Among those cases where the

coefficient was significant, it ranged in value from .006 for West

and Southwest suburban districts to .045 for North Atlantic non-

metropolitan districts.

Partial elasticities of expenditures for attendance and health

services with respect to the budget and the teacher salary level are

given in.columns six and seven of Table 6. However, the estimate of

6
72

is significant at the 5-percent level in only two cases. The

estimate of 673 is significant in only one case.

Demand for Pupil Transportation

As noted above, the model does not sufficiently explain expendi-

tures for pupil transportation. Five of the 12 regressions are

insignificant, and the F statistics for the remaining 6 are unimpressive,

though significant. Detailed results may be found in Appendix Table A8.

The estimated values of 681 are positive in every case and

significant at the 5-percent level in 8 of the 12 cases. In magnitude

they range from less than .02 (not significantly different from zero)

to .14. The estimates of 682' 6
83'

and 684 are seldom significant.

The eighth and ninth columns of Table 6 indicate the partial elasticity

of expenditures for pupil transportation in terms of the budget and

the teacher salary level.
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Demand for Plant Operation and Maintenance

The model performed surprisingly well in explaining school

district behavior with respect to expenditures for plant operation

and maintenance. The regressions account for at least 50 percent of

the variance in expenditures for these inputs among districts in each

of the 12 samples. R2 is 69 percent or better in eight of the samples.

The F statistics for the regressions are high in every case. Details

are provided in Appendix Table A9.

The coefficient of b in each regression, 591, is an estimate of

a9 the rate at which marginal changes in a district's budget are

translated into expenditures for plant operation and maintenance.

The estimated values of a
9
range from .09 in North Atlantic central

city districts to .19 in the Great Lakes and Plains and the Southeast

central city districts. They are significant at the 5-percent level

in every case. The remaining three coefficients in each regression

tend to be insignificant. The 13

92'
13

93'
and 594 are each significantly

different from zero at the 5-percent level in 2 of the 12 samples.

The partial elasticities of expenditures for plant operation

and maintenance with regard to the budget and the teacher salary level

are displayed in columns nine and ten of Table 6.



57

VI. SUMMARY AND CONCLUSIONS

At the outset of this report we identified the two major issues

that motivated the analysis: How would school districts allocate

additional funds among school inputs, and in what ways and to what

extent would changes in various exogenous factors affect the demand

for teachers and other educational professionals? In this section

we present our conclusions for each of these issues.

SCHOOL DISTRICT EXPENDITURE BEHAVIOR

Table 7 summarizes our empirical results and displays our

principal conclusions regarding school district expenditure behavior.

The entries in the table are the estimated values of the parameter ai

for each district type associated with each school input. We demon-

strated, in the development of the empirical model (Eq. 16) that this

parameter indicates the portion of a district's discretionary budget

that would be allocated to the ith school input. Given the assumption

that districts' budgets are sufficient to meet the minimum require-

ments for each input, these parameters are estimates of how school

districts would allocate incremental funds among school inputs. If,

for example, a North Atlantic central city district were to receive

an incremental budget increase, we estimate that 22.3 percent of the

increase would be allocated to expenditures for elementary teachers,

15.2 percent to expenditures for secondary teachers, and so on through

plant operation and maintenance, which would receive 9.1 percent of

the budget increase.

In general, the data in Table 7 imply that about 15 to 20 percent

of a budget increment would be allocated to elementary teachers and

that 15 to 20 percent would be allocated to secondary teachers.

Approximately 20 to 25 percent of the change in the budget would be

allocated to "other" professionals; 5 percent to expenditures for

administration, and 10 percent to expenditures for nonpersonnel

instructional inputs. Health and attendance services would receive
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1 or 2 percent of the change, while 10 to 15 percent would go to

plant operation and maintenance. The remainder would be allocated to

pupil transportation.

We must emphasize that there are substantial differences among

district types in terms of their respective expenditure behaviors

and that the above statements are no more than rough generalizations.

Thus, North Atlantic and West and Southwest nonmetropolitan districts

and Great Lakes and Plains central city districts would allocate

loss than 10 percent of a budget increase to elementary teachers

while North Atlantic central city and suburban districts and Southeast

suburban districts would allocate more than 20 percent.

It is interesting to compare these estimates of district allocative

behavior at the margin with their respective average behaviors.

Table 8 displays for each type of district the distribution of total

expenditures among the inputs, calculated at the mean. North Atlantic

central city districts, for example, spent 32.4 percent of their

total budgets (less fixed costs) for elementary teachers. Their

expenditures for secondary teachers equaled 26.5 percent of their

total budgets, and so on.

Note that there is far less variability among the different types

of districts in terms of the portion of total budgets allocated to

each input as compared to the portion of discretionary budgets. The

reason for this difference is that the share of a district's total

budget allocated to an input reflects both its expenditures to provide

the minimum required level of that input and its discretionary expendi-

tures for that input. If the minimum required level of expenditures

for an input is large relative to discretionary expenditures for that

input, and if the minimum requirements are roughly the same for

different types of districts, then the proportion of total expenditures

In order to facilitate comparisons between Tables 7 and 8,
we use the same definition of "budget" in Table 8 as was used in
the analyses. That is, expenditures allocable to per pupil costs
minus fixed costs.
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allocated to each input would be approximately the same for different

types of districts even though the proportions of discretionary

expenditures allocated to each input were much different.

Comparing the entries in Table 7 with those in Table 8, we see

that although districts tend to spend roughly 33 percent of their

total budget for elementary teachers, they would allocate a much

smaller share -- roughly 15 to 20 percent -- of a budget increase to

elementary teachers. Similarly, the share of an increase in a

district's budget that would be allocated to secondary teachers --

again, roughly 15 to 20 percent -- would be much smaller than the

share of the total budget -- approximately 28 percent. On the other

hand, other professionals account for about 10 percent of districts'

total budgets, but something like 20 to 30 percent of an increase in

a district's budget would go to increased expenditures for other

professionals.

Summing the shares of total budgets allocated to elementary

and secondary teachers and other professionals, we see that districts

tend to spend 70 to 75 percent of their budgets for educational

professionals. If we sum the estimated portions of discretionary

budgets allocated to educational professionals as a group, we obtain

combined estimates of about 50 to 60 percent.

Of course, since the budget share allocated to educational

professionals at the margin is substantially smaller than the average

share of the budget allocated to professionals, expenditures for

nonprofessionals and nonpersonnel inputs must occur at a marginal

rate substantially larger than the average rate of expenditures for

inputs in these categories. Comparing Tables 7 and 8, we see that

each of the six remaining inputs generally receives a share of the

discretionary budget greater than that of the total budget. The

difference is smallest for attendance and health services and greatest

for other instructional inputs.

DEMAND FOR EDUCATIONAL PROFESSIONALS

As for the demands for elementary and secondary teachers and

other professionals, the first point to be made is that the number of



62

professionals of each type demanded by a school district depends

upon the district budget and the teacher salary level. This result

may appear so obvious that it need not be emphasized. However, as

we noted in the Introduction, none of the currently available pro-

jections of the demand for teachers and other professionals takes

account of these factors.

Table 1 presented estimates of the partial elasticities of

demand for elementary teachers with regard to the budget and the

teachers' salary level. Tables 2, 3, and 4 provided similar estimates

for secondary teachers, other professionals, and educational profes-

sionals as a group, respectively. These estimates suggest that,

other things being equal, a 1-percent increase in a district's budget

will result in an increase of approximately .5 percent in the number

of elementary teachers it would seek to employ, a .6-percent increase

for secondary teachers, a 2-percent increase for other professionals,

and a .7-percent increase for educational professionals. A 1-percent

increase in the teachers' salary level would, other things being equal

reduce the numbers of educational professionals demanded by approximately

.7 percent. The number of elementary teachers demanded would decline

by about .4 percent, while the number of secondary teachers would

decline by about .5 percent. Finally, there would be a decline of

approximately 2 percent in the number of other professionals.

We hasten to remind the reader that the magnitudes of the

relationships between the budget and the teachers' salary level on

the one hand, and the number of educational professional demanded on

the other hand are substantially different for different types of

districts. Hence, the above statements are only general indications

of the relationships. The reader is referred to Tables 1 through 4

for the various estimates relevant to each district type.

A second important point about the demand for teachers and other

educational professionals follows from the analysis of school district

expenditure behavior and the data presented in Tables 7 and 8. We

found that the rates at which districts allocate discretionary funds

to elementary and secondary teachers are considerably smaller than the



shares of the districts' total budgets allocated to each type of teacher.

Although the rate of district expenditures for other professionals tends

to be greater at the margin than at the mean, the share of a district's

discretionary budget allocated to educational professionals as a group

is much less than their aggregate share of the total budget. This implies

that, other things being equal, increases in school district's budgets

will result in disproportionately smaller increases in the numbers of

professionals demanded. Or, to put it in other words, a 1percent

increase in the number of educational professionals demanded can be

accomplished only through an Increal,e in districts' budgets that is

greater than 1 percent.
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Appendix

REGRESSION RESULTS

Each of the nine tables in this Appendix reports the results of

the empirical analysis of district expenditures in one of the nine ex-

penditure categories for the 12 sets of districts. The regressions

are numbered in the form X.YZ where X denotes the table number, Y

denotes the region (1 = North Atlantic, 2 = Great Lakes and Plains,

3 = Southeast, and 4 = West and Southwest), and Z denotes metropolitan

status (1 = central city; 2 = metropolitan, other; and 3 = nonmetro-

politan). Thus, regression number X.YZ presents the results for dis-

trict expenditure behavior with respect to expenditure category X for

the districts in region Y that have metropolitan status Z. The number

of districts in each group is denoted by N. Otherwise, the notation

given on pp. 17-18 applies. The numbers in parentheses are t statistics.
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